Background: Studies of the association between IQ and alcohol consumption have shown conflicting results. The aim of this study was to investigate the association between IQ test results and alcohol consumption, measured as both total alcohol intake and pattern of alcohol use.
I
NTELLIGENCE HAS BEEN shown to be associated with various health-related outcomes in several studies (Andersson et al., 2008; Calvin et al., 2011; David et al., 1997; Gale et al., 2010; Hart et al., 2004; Hemmingsson et al., 2007; Martin et al., 2004) . However, previous findings on cognitive ability and alcohol-related problems have not been consistent, possibly due to differences between the outcomes assessed.
One suggested explanation for the association between intelligence and health is that cognitive skills enhance possibilities to make healthy lifestyle choices. Cognitive ability has been found to be associated with several health-related behaviors, such as smoking, food intake, and physical activity (Batty et al., 2007b,c; Hemmingsson et al., 2008) . The scientific literature on intelligence and alcohol consumption in adolescence, measured as total intake and type of drinking, is scarce. A twin study from the United States showed that a high IQ assessed at age 17 was associated with heavier alcohol use as measured by an alcohol use composite, taking into account symptoms of alcohol abuse/dependence, number of intoxications, frequency of use and number of drinks during a year, and maximum number of drinks within 24 hours (Johnson et al., 2009) . A study from Switzerland investigated how IQ test results from conscription were associated with frequency of drinking, defined as nondrinking, rare drinking (1 to 5 times/y), occasional drinking (1 to 5 times/month), moderate drinking (1 to 5 times/wk), and daily drinking. It showed that high performance on IQ tests had a positive association with moderate drinking (Muller et al., 2013) . In the 1970 British Cohort Study, it was found that higher childhood mental ability was associated with higher alcohol intake as an adult (Batty et al., 2008) . Another study from the United States, of a population 14 to 21 years of age, showed, on a measure of verbal intelligence, that lower verbal intelligence was associated with lower alcohol consumption, but also with a higher risk of alcohol-related problems among those who consumed alcohol (Windle and Blane, 1989) .
Intelligence is commonly defined as "a very general mental capability that, among other things, involves the ability to reason, plan, solve problems, think abstractly, comprehend complex ideas, learn quickly, and learn from experience" (Gottfredson, 1997) . There are several tests of intelligence available, and the main difference between them lies in the recognition, or not, of a general factor, "g," as introduced by Spearman. The "g" factor theory addresses the positive correlations found between tests designed to capture different suggested areas of intelligence, for example, verbal, logical, and spatial. Instead of 1 "g" factor, Horn and Cattell suggested 5 "general" factors, of which those concerned with "fluid" and "crystallized" abilities are the most influential. The first is a matter of basic ability to reason (g f ), while the latter (g c ) concerns how well the individual has invested his/ her fluid ability in society to gain knowledge of value. These 2 theories are often contrasted with that of Thurstone, in whose model primary mental abilities are expected to explain test results more independently (Carlstedt, 2000; Gustafsson, 1984; Nisbett et al., 2012) . However, as concluded by Deary (2012) , there are few empirical grounds for considering intelligence without the "g"-factor.
Studies on alcohol consumption should consider both total alcohol intake and pattern of drinking (Rehm et al., 2003) . Although few studies have been performed on patterns of drinking, they have been shown to be of importance for certain diagnoses, for example, ischemic heart disease, fetal alcohol syndrome, and injury (Plunk et al., 2014; Rehm et al., 2010) . There are different definitions of patterns of drinking in the literature. Normally, binge drinking is contrasted with a moderate or steady type of drinking, but there is a lack of distinct and broadly acknowledged measures of the different patterns of consumption (Field et al., 2008) . It is, however, known, that binge drinking is more common among young adults and adolescents (Kuntsche et al., 2004) . Further, a systematic review by McCambridge and colleagues (2011) showed that high alcohol consumption in late adolescence is carried into adulthood and as too are the problems associated with alcohol.
The aim of this study was to examine the association between intelligence and total alcohol intake during a specific time period and pattern of drinking. We have, in an earlier study, shown an inverse association between the results of IQ tests in adolescence and alcohol-related disease and death in adulthood (Sjolund et al., 2012) . We therefore hypothesize that IQ test results have inverse associations with the 2 measures of alcohol consumption.
Our specific research questions were as follows:
1. Is there an association between intelligence and total alcohol intake in adolescence? 2. Is there an association between intelligence and pattern of drinking in adolescence? 3. Are there differences in the associations between different the cognitive factors measured in an IQ test and total alcohol intake and pattern of drinking in adolescence? 4. Does any association between IQ test results and total alcohol intake in adolescence persist into adulthood?
MATERIALS AND METHODS

Data Sources
The study is based on data on men who were conscripted into military service in Sweden during 1969 to 1970. Information about the individuals was collected through questionnaires (with questions about medical, childhood and adolescent conditions, and alcohol and tobacco use), a psychological function capacity assessment, and a medical examination (physical examination, X-rays, ECG, etc.). If asked for by a conscript, or indicated by the psychological and medical examination, a psychiatric consultation took place. The 2 main aims of conscription examination were to (i) assess the individual's capacity for military service and (ii) prepare for appropriate posting within the military. At the time, there were 6 enlistment centers in Sweden, which managed the 2-day long examination of each conscript (Ahlborg et al., 1973; Otto, 1976) . The national birth cohorts used in this study are unique among all conscript material in Sweden, as more extensive data were collected at conscription during these years. Several studies using these birth cohorts have previously been published (Andreasson et al., 1988 (Andreasson et al., , 1991 Larsson et al., 2002; Sidorchuk et al., 2012) .
Through record linkage made possible by use of the personal identification numbers that are assigned to all Swedish citizens at birth, individual information from the National Censuses of 1960 was obtained. Also, record linkage was made to the Swedish Survey of Living Conditions (ULF) to perform a subanalysis of a sample of the population later in life. The annual ULF surveys were started in 1975 in Sweden, with the aim of describing the distribution of welfare within the population. Included in ULF are Swedish residents between the ages 16 and 84 randomly selected from the entire Swedish population. In total, about 7,500 individuals have been included yearly, with a response rate of around 80% (SCB, 2010; Statistics Sweden, 2014) . The surveys conducted in the years 1988 to 1989, 1996 to 1997, and 2004 to 2005 were used in this study, as these were the only years with survey questions on alcohol consumption. The probability of being included in ULF for the first time for any 1 conscript in our cohort was about 6 per 10,000 each year. We therefore expected a total of about 180 individuals in our sample, which is a few more than we actually achieved (n = 146). Both the National Censuses and the Swedish Survey of Living Conditions are maintained by Statistics Sweden (SCB).
Study Population
The study population consists of all males conscripted for military service in Sweden during the years 1969 to 1970 and born 1949 to 1951. Excluded from the study were men who were conscripted during 1969 to 1970, but born earlier than 1949, as they had postponed conscription (for unknown reasons). The study population corresponds to 97% of all Swedish men born 1949 to 1951, in total 49,321 individuals. At the time, only 2 to 3% of all Swedish men were exempted from military service, due to severe handicap or congenital disorder. Of the male conscripts born 1949 to 1951, 146 were part of the random selection from the later national Surveys of Living Conditions (ULF) and thus formed the subpopulation in our study. Information from the latest possible occasion was used for each individual. The individuals were then 37 to 40, 45 to 48, or 53 to 56 years of age.
Exposure
Testing of cognitive ability as part of conscription examination has been practiced since 1944 in Sweden. The purpose of the IQ test is to give an overall impression of the conscript's general ability to assimilate military education (Ross, 1988) . The IQ test used in our study had 4 different parts: (A) instructions-testing verbal ability to follow instructions, where logical inductive ability is also tested (40 items), (B) concept discrimination-testing both logical inductive and verbal ability by selecting which 1 of 5 words that does not agree with the others conceptually (40 items), (C) paper form board-testing spatial ability by choosing which group of geometric figures make up a presented figure (25 items), and (D) technical comprehension-testing technical ability by selecting 1 of 3 options that to answer a question related to a picture illustrating a basic technical or physical property (52 items) (Carlstedt and M ardberg, 1993) . Optically readable response sheets were used and slight time pressure was applied (R€ onnlund et al., 2013) . Instructions were given to the conscript prior to each subtest. Scrutiny of the different subtests has shown high intercorrelations, which is why interpretations of differences in results should be made with caution. Test-retest reliability has been estimated at 0.81, with a time interval of 1 to 3 years, and there is acceptable predictive validity for being educable within the military (Ross, 1988) .
Results of the IQ tests performed at conscription were summed and ranked into a standard-9 scale, 1 to 9. The stanines correspond approximately to IQ test result intervals of <74, 74 to 81, 82 to 89, 90 to 95, 96 to 104, 105 to 110, 11 to 118, 119 to 126, and >126.
Outcomes
Questionnaires with items regarding type of alcohol consumed (beer, wine, or spirits), amount consumed (number of cans or bottles, or cl.), and frequency of consumption (daily, once a week, less than once a week, never) were completed during the conscription examination. Information on alcohol content at the time of examination for the different kinds of beverages was retrieved from the Swedish alcohol retailing monopoly. From the responses to these questions, grams of 100% alcohol consumed per week were estimated for each individual and distributed into 4 groups: (1) light consumers (1 to 100 g/wk), (2) moderate consumers (101 to 250 g/ wk), (3) high consumers (>250 g/wk), and (4) abstainers. The rationale for this grouping is provided in a model of alcohol-consumption risk assessment by Hollstedt and Rydberg (1981) , previously used by Andreasson and colleagues (1988) , who have also described the calculations in detail.
Pattern of drinking was assessed from 2 questions regarding quantity of wine or spirits consumed on any 1 occasion, where drinking more than 1 bottle of wine or more than 35 cl. of spirits on a single occasion was considered binge drinking.
To obtain comparable alcohol-consumption data in the followup from the Swedish Survey of Living Conditions (ULF), we calculated total alcohol intake in grams of 100% alcohol consumed per week, grouped into the same 4 categories as for the conscription data: light, moderate, and high consumption, and also abstention. For the purpose of this study, we combined the groups of moderate and high consumers in the subpopulation into 1 group of high consumers (i.e., >100 g/wk).
Covariates
Childhood socioeconomic position was obtained from the National Population and Housing Census, 1960. Seven socioeconomic categories were constructed on the basis of the occupation of the head of household: (1) unskilled workers, (2) skilled workers, (3) assistant nonmanual employees, (4) nonmanual employees at intermediate level, (5) nonmanual employees at high level, (6) farmers, and (7) unclassified. Childhood socioeconomic position was treated as a categorical variable in the analysis.
From the questionnaires filled in at conscription, information about the father's drinking habits was obtained. To the question: "How often has your father consumed alcoholic beverages?" there were 4 possible responses: (1) never, (2) exceptionally, (3) sometimes, and (4) often. The conscripts were also seen by a psychologist who assessed emotional stability on a scale from 1 (lowest) to 5 (highest). This information was dichotomized with 1 to 2 on the scale being considered as low emotional stability.
Statistical Analysis
All the statistical analyses were conducted in SAS 9.3 (SAS Institute, Cary, NC). Descriptive analysis of both the outcomes and the covariates across the 9 groups based on the IQ testing generated prevalence proportions. Mean IQ test results and standard deviations were calculated. Multinomial regression analysis, univariate and multivariate, was used to investigate the association between IQ test results and reported total alcohol intake during 1 week at conscription. The association between IQ test results and reported pattern of drinking was examined using logistic regression (univariate and multivariate). IQ test result was modeled as a continuous variable for both outcomes. Multinomial regression was also used for the follow-up analyses of the subpopulation, where moderate and high consumers were pooled to increase statistical power. A sensitivity analysis was performed using the continuous measures of total alcohol intake and IQ test results, and also the ranked stanine scale.
To enable comparison of our study with a previous one, which also had male conscripts as its study population, we performed a multinomial logistic regression for IQ test score grouped into stanine 1 to 9 and frequency of consumption (Muller et al., 2013) . A composite measure was created from each of the 3 items in the questionnaires completed at conscription examination concerned with frequency of drinking beer, wine, or spirits. For drinking beer and wine, the response options were as follows: (1) almost daily, (2) about once a week, (3) more seldom, and (4) never. For spirits, the options were (1) sometimes each week, (2) once a week, (3) 1 to 2 times per month, (4) more seldom, and (5) never. We collapsed the options 2 and 3 from the spirit-consumption questionnaire into one and further arranged the options to create 1 variable measuring frequency of alcohol consumption as: (1) almost daily/sometimes each week, (2) about once a week or 1 to 2 times per month (3) more seldom, and (4) never. Options 2 and 3 regarding consumption of spirits are found in Group 2, in the revised arrangement.
RESULTS
The total study population consisted of 49,321 individuals. For total alcohol intake, information was available on all variables used in the analysis for 46,213 individuals. For pattern of drinking, the corresponding total was 47,073. The prevalence proportions across the IQ test results grouped in stanines are shown in Table 1 , together with mean IQ test result in stanine scores and standard deviations. In the subanalysis, 146 men were included.
IQ and Total Alcohol Intake
There were 2,781 abstainers, 33,526 light consumers, 9,547 moderate consumers, and 1,724 high consumers in the study population. Data on alcohol consumption were missing for 1,743 individuals. For each step decrease on the stanine scale (9 = high IQ test result, 1 = low IQ test result), the odds ratios (ORs) for being a high consumer versus a light consumer increased by 1.20 (95% confidence interval [CI] = 1.17
to 1.23). There was also a smaller but still significantly increased OR of 1.07 (95% CI = 1.06 to 1.08) per each step decrease on the stanine scale for being a moderate versus a light consumer (Table 2 ).
In the sensitivity analysis, we found that the continuous measures of total alcohol intake and IQ test result scores were correlated with À0.07, p-value < 0.001. Further, we found that for each step decrease on the stanine scale, there was an increase of 2.6 g of 100% alcohol/wk. Mean alcohol consumption in g/wk by IQ test results in stanines is shown in Fig. 1 , which indicates how consumption of alcohol decreases with higher IQ. . 9 2( AE2.04) U n s k i l l e dw o r k e r 1 8 2 1 2 6 3 1 3 6 3 9 4 4 4 6 4 8 4 . 8 5( AE2.01) S k i l l e dw o r k e r 1 4 1 7 1 9 2 2 2 3 2 5 2 4 2 3 2 1 5 . 1 7( AE1.97) Farmer 9 9 10 10 11 12 13 13 17 5.08 (AE2.11) N o n m a n u a l ,h i g h 1 4 1 0 7 5 4 3 1 2 1 6 . 6 6( AE1.81) A s s i s t a n tn o n m a n u a l 1 3 1 3 1 3 1 2 9 8 7 6 4 5 . 9 1( AE1. After adjusting for possible confounders, neither childhood socioeconomic position nor father's alcohol habits had an effect on the association between IQ and high consumption of alcohol. However, both psychiatric symptoms present at conscription and emotional control individually attenuated the association to OR 1.13 (95% CI 1.10 to 1.16/1.06, respectively) per each step decrease on the stanine scale (Table 2) .
IQ and Pattern of Drinking
There were 5,898 cases of binge drinking in the study. Data were missing on 830 individuals. The crude odds ratio for being a binge drinker increased by 1.09 (95% CI = 1.08 to 1.11) for each step decrease on the stanine scale (Table 3) . Adjusting individually for childhood socioeconomic position, psychiatric symptoms and emotional stability at conscription and father's alcohol habits did not attenuate this association. However, after including all covariates in the full model, the OR was lowered to 1.04 (95% CI = 1.03 to 1.06) per each step decrease on the stanine scale.
Different Cognitive Factors and the 2 Outcomes
For the total alcohol intake outcome, the odds ratios for the logic/general intelligence, verbal ability, and technical/ mechanical skills subtests did not deviate from the results for the total score of the test. However, for the visuospatial/geometric subtest, the odds ratio was lower, with an OR of 1.12 (95% CI = 1.09 to 1.15) per each step decrease on the stanine scale (Table 4) . For binge drinking, the odds ratios for all 4 subtests were similar to the results for the total score; for example, verbal ability had an OR of 1.07 (95% CI = 1.06 to 1.09) per each step decrease on the stanine scale (Table 4) .
IQ and Alcohol Consumption in Middle Age
In the analysis of the subpopulation consisting of 146 individuals, we found an increased OR of 1.22 (95% CI 1.01 to 1.48) for having a moderate or high alcohol consumption later in life, versus a light consumption, per each step decrease on the stanine scale ( Table 2 ). The estimates were marginally lowered by adjustment for previous alcohol consumption. In the subpopulation, the OR was 1.38 (95% CI 1.07 to 1.77) at the time of conscription, which is higher than in the full cohort. For comparison, we aggregated the data from conscription in the same groups as for the ULF followup and found an OR of 1.02 (95% CI 1.00 to 1.04) for being an abstainer versus a light consumer and an OR of 1.09 (95% CI 1.08 to 1.10) for being a moderate/high consumer versus a light consumer per each step decrease on the stanine scale.
Comparison with a Previous Study
In the analysis we performed for comparison with the earlier study by Muller and colleagues (2013) , investigating the association between IQ and frequency of alcohol consumption, we used drinking-seldom group as reference group, because the never-drinking group in our case consists of both former drinkers and lifetime abstainers. Multinomial logistic regression showed that the odds ratio for drinking alcohol almost daily was 1.06 (95% CI 1.04 to 1.08), for drinking about once a week and 1 to 2 times per month 1.04 (95% CI 1.03 to 1.05), and for never drinking 1.03 (95% CI 1.01 to 1.05) versus drinking seldom per each step decrease on the stanine scale.
Graphs showing mean IQ test results in stanines by drinking category and frequency of drinking are found as supplementary material (Figs S1 and S2) .
DISCUSSION
This study aimed to investigate the associations of IQ test results with total alcohol intake and pattern of drinking. Further, we wanted to examine whether the association between IQ and total alcohol intake persisted into adulthood. We found an increased OR for every step decrease on the stanine scale for IQ test results for both high versus low total alcohol intake per week and, albeit to a much lesser extent, for binge drinking versus not binge drinking. When adjusting for possible confounding factors, the largest attenuations in the associations were seen for emotional stability and psychiatric symptoms present at conscription. In the analysis of a subpopulation at an older age, we found an increased odds ratio for being a moderate or high consumer of alcohol versus being a low consumer per each step decrease on the stanine scale, which indicates that the association between IQ in late adolescence and adult level of alcohol consumption persists into adulthood.
Our hypothesis in this study was that IQ test results have an inverse association with the 2 measures of alcohol consumption. The main part of the study is based on cross-sectional data, from which temporality cannot be determined. As alcohol consumption may lead to cognitive decline, caution has to be taken when interpreting the results of the study in terms of causality (Guerri and Pascual, 2010) . Previous research using longitudinal data has indicated that there is an inverse association between IQ test results in adolescence and later alcoholrelated morbidity and mortality (Sjolund et al., 2012) . Our interpretation of the results is that they support the proposed theory that high cognitive skills augment healthy lifestyle decision making. This is one of several possible mechanisms previously suggested for the association between intelligence and health (Batty et al., 2007a) . Studies using questionnaires on alcohol-related problems have, however, found a positive association (Batty et al., 2008; Hatch et al., 2007) .
Our results diverge from those of previous studies. In 1 Finnish twin study, it was found that a low assessment of a twin on different measures of verbal ability in childhood in comparison with the other twin was associated with less frequent drinking and intoxication in adolescence (Latvala et al., 2014) . There are similar results in an earlier study from the United States, where low cognitive ability was shown to be associated with being a nondrinker among adolescents. However, it was not shown to be associated with average number of drinks consumed per d/last 30 days. It should be noted that the authors report a skewed study population with regard to low socioeconomic position (Windle and Blane, 1989) . Another twin study from the United States, found a positive association between IQ test results at age 17 and an alcohol use composite, where, for example, symptoms of alcohol abuse/dependence and average quantity consumed in the past 12 months were considered (Johnson et al., 2009) .
Of particular interest to us is the study by M€ uller and colleagues (2013) of a cohort of Swiss conscripts which investigated the association between IQ measured at conscription and frequency of drinking alcohol, grouped into categories ranging from "nondrinking" to "daily drinking." They found a J-shaped association between frequency of drinking and IQ test results, where the daily drinkers had the lowest IQ. A higher IQ was associated with being a rare, an occasional, and a moderate drinker, whereas there was a lower IQ for being a former drinker compared with being a lifetime abstainer. For daily drinking versus being a former drinker, a positive association was found on only 1 subscale of the IQ test (performance) (Muller et al., 2013) . To compare our findings with those in M€ uller and colleagues (2013), we created a composite measure taking the frequencies of drinking beer, wine, and spirits into account. The estimates from that analysis were all close to 1, although there seemed to be a slightly higher OR for drinking both more and less often than drinking seldom from a decrease on the IQ test stanine scale. As drinking less often than seldom in our study includes abstinence, which is an attribute of both former drinkers and lifetime abstainers, abstainers need to be considered a special group. Excluding never drinkers from our analyses gives rise to a slightly higher OR for drinking more often per decrease on the IQ test stanine scale. Thus, it seems that the association between IQ and frequency of drinking differs between the 2 studies.
There are at least 2 theoretical explanations for the divergence of our differing results from previous research: (i) Alcohol consumption is a health behavior strongly related to certain factors (e.g., alcohol policy and social determinants) that could vary between countries (Allamani et al., 2011) , resulting in differences in the associations between study populations, and (ii) differences in measures of outcome can, at least to some degree, explain differences in results.
Levels of and trends in alcohol consumption vary within the EU. Alcohol policies regarding levels of taxation, availability, and alcohol marketing can be expected to affect alcohol consumption (WHO, 2013) . In Sweden, national alcohol policy has had 2 main pillars since the 1950s: high taxation and restricted access, in which a national alcohol monopoly has been instrumental (Andreasson et al., 2006; Rosen, 1989) . In an international context, similar models of alcohol monopoly are found mainly in the other Nordic countries. Also, the socioeconomic patterning of alcohol consumption has been shown to differ between countries. In an international comparison by Bloomfield and colleagues (2006) , Sweden displayed, in general, a similar consumption pattern as to its neighbors, Norway and Finland, with low socioeconomic differences in alcohol consumption.
Our interpretation is that given varying cultural and social conditions, the association between IQ and alcohol consumption will differ between study populations. Also, a cohort effect can be expected as our study carries information from individuals born earlier than the study populations in previously published research. Historically, in Sweden, after a period of downward sale in alcohol from the late 1970s and onward, the estimated amount of alcohol consumed rose over the years 2000 to 2011. However, further investigations are needed to support our speculative interpretation.
In comparison with previous studies, we can make some specific reflections regarding the outcomes employed. First, a composite measure of alcohol use profiting from data on a diverse set of variables may be supposed to carry more complex information, in which more aspects are taken into account, than in our more precise measures. Second, frequency of consumption does not reflect total alcohol intake or pattern of drinking (as defined by binge drinking or not). Our study is to our knowledge unique in that we were able to investigate the associations of IQ with total alcohol intake and pattern of drinking.
In our over all analysis, abstainers did not differ from light consumers of alcohol in IQ. Abstainers have previously been shown to be a special group regarding factors of sociability (low), emotional stability (low), and psychiatric diagnoses (high) (Leifman et al., 1995) . In our data there was a U-form to the distribution over IQ test results regarding the prevalence proportion of abstainers. This finding suggests that the reasons for abstaining may be other than those for drinking less or more.
Further, we found that the odds ratios for the different subtests were by and large similar to the OR for the total IQ test. Only the visuospatial/geometric subtest showed a lower OR for being a high consumer in comparison with being a light consumer than the other subtests. We are not able to explain this finding by reference to any theory known to us.
The finding that emotional stability and psychiatric symptoms attenuated the association between IQ and higher levels of alcohol consumption is in line with what is known both about substance use and psychiatric comorbidity and about cognitive ability and mental health (Gale et al., 2010; Hatch et al., 2007; Marshall and Farrell, 2007) . This study is based on an almost entire national birth cohort of Swedish men, which means that selection bias is limited. Relative achievement on IQ test can be considered a longitudinally stable type of information, as it is known to vary little over time (Neisser et al., 1996) . The measures of alcohol consumption carry greater uncertainty from a lifecourse perspective, but bear information from a time in life when the lifestyle behaviors of many are set. A strength of this study lies in the precise measures we were able to use of both our outcomes. We were also able, to a certain extent, to confirm the association at follow-up.
Our conclusion is that IQ test results completed in adolescence are inversely associated with alcohol consumption, measured as both total alcohol intake/wk and pattern of drinking in a population of Swedish males in late adolescence. We must be very careful in making any attempt to generalize our results to women, as level of consumption and pattern of drinking most probably differ in comparison with men (Wilsnack et al., 2000) .
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